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(57) ABSTRACT 

A fiber optic interconnect cable having at least one optical 
fiber ribbon surrounded by a cable jacket with substantial 
hoop strength, the cable jacket having a top wall, a bottom 
wall, and sidewalls. The sidewalls being thicker than the top 
and bottom walls. The jacket being formed of a material 
having a hardness for cable performance characteristics, the 
hardness being between a Shore A hardness of about 85 and 
a Shore D hardness of about 70. Other embodiments include 
a core formed as a generally rod-shaped structure with a 
plurality of slots formed in an outer surface thereof. The 
plurality of slots extending generally lengthwise along the 
core and an outer jacket surrounding the core. At least one 
interconnect ribbon cable is disposed in at least one of the 
slots. 

26 Claims, 3 Drawing Sheets 
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FIBER OPTIC RIBBON INTERCONNECTS 
AND BREAKOUT CABLES 

FIELD OF THE INVENTION 

The present inventions relate to fiber optic cables and, 
more particularly, to interconnect cables containing optical 
fiber ribbons and breakout cables having provisions for 
breaking one or more interconnects out of the cable so that 
optical fibers of the cable can be connected to various 
devices. 

BACKGROUND OF THE INVENTION 

Fiber optic cables of the type described above have been 
made with various constructions. One such cable includes an 
extruded plastic core having slots formed in its periphery, 
and a plurality of optical fiber ribbons disposed in each of 
the slots, a buffer tube being extruded over the ribbons, and 
a protective outer jacket being extruded thereover. The core 
can include a strength member embedded in its center. The 
slots typically extend helically such that the ribbons are 
stranded about the core. A drawback of this cable is that once 
a ribbon is broken out from the buffer tube it is relatively 
unprotected. Consequently, this cable is not particularly 
suitable for applications in which a broken-out ribbon may 
be subjected to considerable forces during routing of the 
ribbon or in operation, since the ribbon may be damaged or 
broken. 

It would be desirable to provide a fiber optic breakout 
cable that facilitates protecting the ribbons broken out from 
the cable. It is also desirable to minimize the cross-sectional 
size of a fiber optic ribbon breakout cable. The cable size is 
reduced in general by increasing the packing density of 
fibers in the cable, such that a given number of fibers can be 
contained in a smaller cable. 

SUMMARY OF THE INVENTION 

The present invention provides interconnect cables and 
fiber optic ribbon breakout cables facilitating a high packing 
density and having features for protecting ribbons broken 
out from the cable. In one aspect of the invention, a fiber 
optic interconnect cable has a robust construction for reli- 
able performance. In accordance with another aspect of the 
invention, the fiber optic cable comprises a core formed as 
a generally rod-shaped structure and having a plurality of 
slots formed in an outer surface of the core and extending 
generally lengthwise therealong, an outer jacket of tubular 
form surrounding the core, and at least one interconnect 
ribbon cable disposed in each of the slots of the core. Each 
interconnect ribbon cable comprises a tubular jacket defin- 
ing an interior passageway and at least one optical ribbon 
disposed in the interior passageway of the tubular jacket. 
The fiber optic breakout cable in accordance with the 
invention can also include additional elements, such as one 
or more strength members, an armor layer, ripcords, and/or 
other features. 

The core can be formed of a solid or a foamed polymer 
material. Various numbers of slots can be formed in the core, 
and the slots can all be of the same radial depth or can have 
different depths such that the deeper slots contain a greater 
number of optical fibers than the shallower slots. For 
example, the core can have shallow slots and deep slots 
arranged in an alternating fashion about the core's 
circumference, with the shallow slots each containing one 
interconnect ribbon cable and the deep slots each containing 
two interconnect ribbon cables. 
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Each interconnect ribbon cable can contain a plurality of 
ribbons arranged in a stack, if desired. Each ribbon can have 
from two to 36 fibers. Aslip layer of low-friction tape or yam 
can be provided between adjacent ribbons of a stack to 

5 facilitate relative sliding between the ribbons for enhancing 
optical performance. The interconnect ribbon cables can 
also include one or more strength members. Thus, the 
tubular jacket of a interconnect ribbon cable broken out from 
the cable provides protection to the ribbon(s) contained 
within the interconnect cable. Additionally, where the inter- 
connect cable includes strength members, the interconnect 
cable is capable of withstanding tensile forces such as may 
be exerted in pulling the interconnect cable along a path 
during installation. 

In accordance with another aspect of the invention, a fiber 

15 optic cable comprises a tubular outer jacket defining a 
central interior passageway therein, and a group of inter- 
connect ribbon cables disposed in the interior passageway of 
the outer jacket, each interconnect ribbon cable comprising 
at least one optical ribbon and a tubular jacket surrounding 

20 the at least one optical ribbon. The plurality of interconnect 
ribbon cables includes at least one conjoined pair of inter- 
connect ribbon cables having the tubular jackets thereof 
attached together in a manner allowing one of the intercon- 
nect ribbon cables to be separated from the other by breaking 

2s a connection between the tubular jackets of the interconnect 
ribbon cables. Preferably, the conjoined pair of interconnect 
cables are made by simultaneously extruding both tubular 
jackets of the two cables from a common die having a 
middle portion defining a web connecting the two jackets. 

30 The invention is not limited to having only two conjoined 
interconnect cables; three or more interconnect cables can be 
conjoined, if desired. 

In one embodiment, there are a plurality of conjoined 
pairs of interconnect ribbon cables stacked together. A single 
interconnect ribbon cable can be arranged at each end of the 

35 stack to further increase the packing density of the cable. 
The cable in accordance with the second aspect can also 
include a buffer tube surrounding the interconnect ribbon 
cables, with the outer jacket of the cable surrounding the 
buffer tube. If desired, strength yarns or the like can be 

40 disposed between the buffer tube and the outerjacket for 
increasing the strength of the cable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features, and advantages of 
45 the invention will become more apparent from the following 
description of certain preferred embodiments thereof, when 
taken in conjunction with the accompanying drawings in 
which: 

FIG. 1 is a cross-sectional view of a fiber optic breakout 
50 cable in accordance with an embodiment of the present 
invention; 

FIG. 1A is a cross sectional view of a interconnect cable 
in accordance with the present invention; 

FIG. 2 is a cross-sectional view of a fiber optic cable in 
55 accordance with another embodiment of the present inven- 
tion; 

FIG. 3 is a cross-sectional view of a fiber optic cable in 
accordance with a further embodiment of the present inven- 
tion; and 

60 FIG. 4 is a cross-sectional view of a fiber optic cable in 
accordance with another embodiment of the present inven- 
tion. 

DETAILED DESCRIPTION OF THE 
5S INVENTION 

The present inventions will be described more fully 
hereinafter with reference to the accompanying drawings, in 
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which preferred embodiments of the inventions are shown. 
The inventions may, however, be embodied in many differ- 
ent forms and should not be construed as limited to the 
embodiments set forth herein; rather, these embodiments are 
provided so that this disclosure will be thorough and 5 
complete, and will fully convey the scope of the inventions 
to those skilled in the art. Like numbers refer to like 
elements throughout. 

Preferred embodiments of the breakout cable inventions, 
illustrated in FIGS. 1 and 2-4, contain at least one inter- 10 
connect ribbon cable 16, as illustrated in FIG. 1A, that 
includes at least one optical fiber ribbon 18. Interconnect 
cable 16 is robust engough to be used as a stand-alone cable. 
In the embodiment of FIG. 1, fiber optic ribbon cable 10 
includes a core 12 that is formed in a suitable fashion, such 15 
as by extrusion, to have a rod-shaped configuration. Core 12 
extends along the length of cable 10. Core 12 preferably is 
formed of a polymer material. The cost and weight of core 
12 can be reduced by making core 12 of a foamed polymer 
material, which also improves the flexibility and low- 20 
temperature contraction performance of core 12, but a solid 
polymer material can also be used if desired. Suitable 
non-limiting examples of preferred polymers that can be 
used for forming core 12 include various polyolefins, poly- 
vinyl chloride (PVC), polyvinylidene fluoride (PVDF), 2 s 
fiber-reinforced polyethylene (FRPE), and the like. Where 
flame performance is required, core 12 is preferably formed 
of a flame-retardant material; preferably, foamed PVC, 
PVDF, FRPE, or similar flame-retardant materials. 

Core 12 defines a plurality of slots 14 extending in a depth 3Q 
direction radially into the core and circumferentially spaced 
about the core. Slots 14 extend generally longitudinally 
along the length of core 12, and preferably are unidirection- 
ally helically made or are formed according to an alternating 
helix. 35 

FIG. 1A shows the preferred interconnect ribbon cable 16 
having at least one but more preferably two or more optical 
fiber ribbons 18 therein. Optical fiber ribbons 18 preferably 
include, for example, 2 to 36 optical fibers 19 bound together 
in a generally planar array within a preferably UV curable 40 
acrylic matrix 20. Optical ribbon 18 can be sub-unitized, for 
example, two optical fiber interconnects can be surrounded 
by a common matrix coating. Ribbon identification can be 
accomplished by printing cable jacket 22; however, printing 
of the ribbon is also contemplated. A preferred optical fiber 45 
19 includes a silica-based core that is operative to transmit 
light and is surrounded by a silica-based cladding having a 
lower index of refraction than the core. A soft primary 
coating surrounds the cladding, and a relatively rigid sec- 
ondary coating surrounds the primary coating. Optical fibers 50 
19 can be, for example, single-mode or multimode optical 
fibers made commercially available by Corning Incorpo- 
rated. 

A jacket 22, preferably formed of an extrudable, flame 
retarded PVC, surrounds optical ribbons 18. Jacket 22 55 
preferably includes top and bottom walls 22a,226 and side 
walls 22c22d. For cable performance characteristics, a 
preferred material hardness for the j acket material is a Shore 
A hardness of about 85 to a Shore D hardness of about 70. 
In the preferred embodiments, the hardness range is a Shore eo 
A hardness of about 90±3 to a Shore D hardness of about 
66±3. Preferred dimensional attributes for interconnect 
cables 16 having two ribbons preferably include a total 
vertical free space between the ribbons and the inner sur- 
faces of top and bottom walls 22a,22i of about 1.7 65 
mm±25%, most preferably ±15%. The thicknesses of walls 
22a,226 are about 0.6 mm±15%, most preferably ±10%; and 
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the thicknesses of side walls 22c,22c/ are about 0.8 
mm±15%, most preferably ±10%. Although jacket 22 is 
depicted as having a generally rectangular shape, it will be 
understood that the invention is not limited to any particular 
cross-sectional shape of jacket 22. The interconnect cables 
have surprisingly good hoop strength, as the jackets are 
formed of a material with a predetermined hardness and 
have controlled thicknesses, and the jacket envelops the 
optical ribbon(s) with a calculated amount of free space for 
avoiding undue stress. 

In the preferred embodiment, interconnect ribbon cable 
16 also includes one or more strength members 24 within the 
inner wall of jacket 22. Strength members 24 can be formed 
of various materials, non-limiting examples of which 
include metal, fiber-reinforced plastic such as glass- 
reinforced plastic or aramid-reinforced plastic, liquid crystal 
polymer, polycarbonate, fiberglass, polyester, or polyethyl- 
ene. In the preferred embodiment, strength members 24 are 
tensile filaments, for example, each member 24 is a 2450 
denier filament of aramid fibers. 

Fiber optic cable 10 (FIG. 1) also includes a protective 
outer jacket 26 surrounding core 12 and interconnect ribbon 
cables 16. Outer jacket 26 is formed of a suitable polymer 
materia], and is formed by feeding core 12 with interconnect 
cables 16 contained therein through the center of an extru- 
sion die as the polymer material is extruded through an 
annular die slot surrounding the center, thus extruding jacket 
26 over the assembly of core 12 and interconnect cables 16. 
Core 12 and outer jacket 26 are illustrated as having circular 
outer peripheries, but it will be understood that various other 
shapes can be used, such as oval, elliptical, etc. 

Slots 14 in core 12 can be all of the same depth in the 
radial direction, or alternatively they can have different 
depths for accommodating different numbers of optical 
fibers, as illustrated in FIG. 1. In addition, slots 12a can be 
formed in core 12 for reducing the material requirements of 
the core. For example, as shown, core 12 can have four slots 
14, two of which are relatively shallow and two of which are 
relatively deep. In the illustrated embodiment, the deep slots 
are approximately twice as deep as the shallow slots, and 
each deep slot accommodates two interconnect ribbon 
cables 16, while each shallow slot accommodates one inter- 
connect ribbon cable 16. The deep and shallow slots alter- 
nate in the circumferential direction; in the particular 
embodiment of FIG. 1, the deep slots are generally diametri- 
cally opposite each other. Such an arrangement of deeper 
and shallower slots facilitates an increase in the packing 
density for cable 10 while maintaining adequate thickness of 
web portions 27 defined between slots 14 of core 12. 

Cable 10 can also include a central strength member 28 
embedded within core 12, if additional tensile strength is 
needed beyond that provided by core 12. Central strength 
member 28 is provided in core 12 by feeding strength 
member 28 through the die slot of an extrusion die as the 
polymer material making up core 12 is extruded from the die 
slot, thus embedding the strength member in the core. 
Central strength member 28 can be formed of various 
materials, non-limiting examples of which include liquid 
crystal polymer (LCP), polycarbonate, fiber-reinforced plas- 
tic (FRP) such as glass-reinforced plastic (GRP) or aramid- 
reinforced plastic (ARP), metal, and the like. 

FIG. 2 depicts another preferred embodiment of the 
invention. The fiber optic cable 10' illustrated in FIG. 2 is 
generally similar to the first embodiment described above, 
except that the central strength member is omitted, and 
instead a number of strength elements 30 are embedded 
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within the wall of outerjacket 26. Two such strength ele- having a circular cross-section, various other cross-sectional 

ments 30 are shown, but it will be understood that a different shapes can be used instead. The dimensions of cable 40 will 

number of strength elements can be used depending on the generally depend on the number and sizes of interconnect 

particular strength requirements of a given application. cables 16, the free space requirement inside buffer tube 42, 

Another embodiment of the invention is shown in FIG. 3. 5 and the strength requirements for the cable. 

The fiber optic cable 1<T depicted in FIG. 3 is generally M evident from , he foregoiog description of certain 

similar to the first embodiment described above, except that ferred embodiments of fiber optic cables in accordance 

slots 14 in core 12 are all of the same depth and there are ^ ^ mvention> the invention cnables a hi h y 

three slots instead of four. Each slot 14 accommodates a , -. . , , ,-, ... .■ J- 

. , . . , , ,, ... ,.~ , ., density to be achieved while at the same time providing 

single interconnect nbbon cable 16, which differs from the in . !■ t •,, . , , t _ . , 

. ^ .. ,. , . . j '. . . . , . 10 protection for nbbons broken out from the cable, 
interconnect cables earlier depicted in that a stack of two 

fiber optic ribbons 18 is contained within each interconnect Man y modifications and other embodiments of the inven- 

ribbon cable 16'. Of course, a stack of more than two ribbons lion ^ come t0 mind t0 one skukd m the 311 10 which lhis 

can be contained in each interconnect cable, if desired. invention pertains having the benefit of the teachings pre- 

Between adjacent ribbons 18 in a stack, a slip layer 32 can „ semed ™ «•» Agoing descriptions and the associated 

be provided to facilitate relative sliding movements between drawings. Therefore, it is to be understood that the invention 

the ribbons for enhancing optical performance. Slip layer 32 * not 10 be >™ ited to the s P«ific embodiments disclosed 

can be formed by a tape or yam of suitable material such as and that modifications and other embodiments are intended 

FEP or other material having a low coefficient of friction. 10 bc lncluded Wlthm thc SC0 P C of the a PPended claims 

In the various fiber optic cables 10, 10', 10" described 20 Althou S h s P eafic t6rms are ^ployed herein, they are used 

above, dimensions of core 12 and slots 14 will generally "| ' a . genenC and descn P tlve scnse ^ and no < for P ur P oses 

depend on what material is used for core 12 and its associ- 0 , imi a ?. on ', , ... , . 

ated strength at webs 27, and wiU of course also depend on Accordingly, what is claimed is: 

the sizes of interconnect cables 16. A fiber optic interconnect cable, comprising: at least 

, ... . r .. . .• • . • n~ one optical fiber ribbon surrounded by a cable jacket with a 

Yet another embodiment or the invention is shown in Mb. 25 jf • j u . .u -a wi ■ 1 „« u™- ~ , 

. ^ , , , ■ , ,• r- 1 , 1, predetermmed hoop strength, said cable jacket having a top 

4, Cable 40 includes a plurality of interconnect nbbon cables £ a bonom and a of sidewaU gaid sjdewaUs 

16 arranged in a group within the interior passageway of a than sajd gnd boMom wa) , and ^ jacke , 

buffer tube 42. Preferably the group of nbbon cables ^ q{ a h a hardness fof ^ 

includes one or more pairs of conjomed interconnect cables formance cbiiacletisticS! said hardness being between a 

16 whose jackets 22 are connected together by a web 44 of 30 £ hore A hardne&s of about 85 and a shore D halxkess of 

jacket matenal. For maximizing packing density, cable 40 ^ and a ^ vertical ffee Qf about L? 

can include interconnect with diverse fiber counts, for mm±2S% the tota , vertical free bem defined ^ the 

example, interconnects 16 can contain 12 fiber ribbons and be(ween an mner surface of (he wa]1 and &e a( 

interconnects 16a can contain 24 or 36 fiber nbbons The Uast Qne ^ ^ ^ distancc betW£en M jnncr 

conjoined interconnect cables 16 preferably are formed by 35 surface ofthebottom waH ^ the at least one optical ribbon, 

extruding the jacketing material through a common d.e that ^ ^ ^ in(erconnect cabk of daim h said 

includes a portion defining web 44. Web 44 is thick enough ^ * of ^ Q£ mm±15% 

to provide sufficient strength to keep the two interconnect 3 ^ fiber ^ interconn6ct cable of claim t said top 

cables attached to each other during routine handling of the aad wa1J £ havin a thickness of about 0 6 ^.15%. 

conjoined pair during manufactunng and assembly of cable 40 4 The fiber tic mtercomlect cable of claim i, said jacket 

40, but web 44 can readily be severed to separate one formed £ a ^ pyc 

interconnect cable 16 from the other one. In the Jlustrated ? ^ fibef interconnect cable of claim the jacket 

embodiment of FIG. 4 there are three conjoined pairs of formed rf a material a hardness ran betw6en a 

interconnect nbbon cables 16 stacked together, and addi- shQre A hardQess of ^ 9Q±3 tQ a shore Q hafdness Qf 

tionally there is a single interconnect nbbon cable 16 on 45 aboul 

each end of the stack, making a total of eight interconnect fi A flbef ic caM co 

cables each containing one ribbon 18. Of course, a different ' 

number of interconnect cables 16 could be used, and the a ™ K fonned as a generally rod-shaped structure, the core 

number of ribbons contained io each interconnect cable can h L avln g a P^rality of slots formed in an outer surface 

be varied, as appropriate for a given application. 50 thereof, and the plurality of slots extending generally 

Furthermore, more than two interconnect cables 16 can be lengthwise along the core wherein the plurality of slots 

conjoined, if desired. Interconnect cables 16 preferably do lnclude at least one slot of relatively greater depth in a 

not extend along a straight path within the central passage- radial directl0n of the core than at least one other slot ; 

way of buffer tube 42, but instead are preferably stranded an outer jacket surrounding the core; and 

such that they each follow a generally helical path, thereby 55 at least one interconnect ribbon cable being disposed in at 

providing excess fiber length (EFL), which is beneficial in least one of the slots, the interconnect ribbon cable 

terms of optical performance. comprising a jacket defining an interior passageway 

Cable 40 also includes a protective outer jacket 46 sur- and at least one optical ribbon disposed in the interior 

rounding optional buffer tube 42. Jacket 46 and buffer tube passageway of the jacket. 

42 are formed of suitable polymer materials. Preferably, 60 7. The fiber optic cable of claim 6, wherein the slots of the 

cable 40 also includes strength yarns 48 disposed between core are all of the same depth in a radial direction of the core, 

buffer tube 42 and outerjacket 46. Strength yams 48 can be 8. The fiber optic cable of claim 6, each relatively deeper 

formed of aramid or other suitable material. Instead of or in slot containing a greater number of optical ribbons than said 

addition to strength yams 48, cable 40 can include other at least one other slot. 

strength members (not shown), such as strength members 65 9. The fiber optic cable of claim 8, wherein the core 

embedded in outer jacket 46 similar to the embodiment of includes at least two relatively deeper slots and at least two 

FIG. 2. It will be understood that while cable 40 is shown as relatively shallower slots, each shallower slot containing one 
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interconnect ribbon cable and each deeper slot containing the plurality of interconnect ribbon cables including at 

more than one interconnect ribbon cable. least one conjoined pair of interconnect ribbon cables 

10. The fiber optic cable of claim 6, wherein at least one having the jackets thereof attached together in a manner 
interconnect ribbon cable contains a stack of optical ribbons. allowing one of the interconnect ribbon cables to be 

11. The fiber optic cable of claim 6, wherein each inter- 5 separated from the other by breaking a connection 
connect ribbon cable includes at least one strength member. between the jackets of the interconnect ribbon cables. 

12. The fiber optic cable of claim 6, wherein at least one 20 fiber ca51e o{ claim 19> comprising 
interconnect ribbon cable contains a stack of at least two a buffer tube having a side waJ1 disposed between the outer 
optical ribbons with a low-friction slip layer disposed jacke , and , he ribbon cables such that the 
between the optical ribbons of the stack for facilitating 10 mterconnect ribbon cables are contained wi, hin lhe buffer 
relative sliding between the optical ribbons. tube 

13. The fiber optic cable of claim 6, wherein the core 21 Th{ , flber op , ic caWe of c]aim 20 mmp[iAng 

comprises a foamed polymer material. strength members disposed between an inner surface of the 

14. The fiber optic cable of claim 6, wherein the core QUter jacke , and m QUter surface of tfae buffer tube _ 

comprises a flame-retardant material, is 2 2. The fiberoptic cable of claim 21, wherein the strength 

15. The fiber optic cable of claim 6, wherein the slots members ^tween the buffer tube and the outer jacket 
extend helically about the core comprise strength yams. 

16. The fiber optic cable of claim 6, wherein the slots are 2y m fiber ^ cablc of daim 19 whcrcin cach 

s-z stranded about the core. interconnect ribbon cable includes at least one strength 

17. The fiber optic cable of claim 6, further comprising a 20 member 

longitudinally extending strength member embedded within 24 ^ flbef ^ cable of daim 19 fafther ^pri^g 

t ' le .S 0 ™' „. , , - . . - , . . at least one strength member embedded within the outer 

18. The fiber optic cable of claim 6, further comprising at jacket 

least one strength member embedded within the outer jacket. 2J ' The fibgr optic cable of daim 19> wherein there are a 

19. A fiber opUc cable, comprising: 25 pluralily of con j 0 ined pairs of interconnect ribbon cables 
an outer jacket defining a central interior passageway stacked together within the interior passageway. 

therein; and 26. The fiber optic cable of claim 25, further comprising 

a plurality of interconnect ribbon cables disposed in the at least one interconnect ribbon cable the jacket of which is 

interior passageway of the outer jacket, each intercon- not attached to any other interconnect ribbon cable, 

nect ribbon cable comprising at least one optical ribbon 30 

and a jacket surrounding the at least one optical ribbon, ***** 
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